OBJECTIVE: Apart from its anticoagulant properties, heparin has vasodilator and anti-inflammatory effects that could assist in the reversal of septic microcirculatory changes. This paper investigates the effects of heparin on endotoxemia-related microcirculatory changes and compares them to those observed with the use of recombinant human activated protein C. METHODS: After skinfold chamber implantation procedures and endotoxemia induction by intravenous Escherichia coli lipopolysaccharide administration (2 mg.kg 21 ), male golden Syrian hamsters were treated with intravenous unfractionated heparin (0.2 mg.kg 21 ). Intravital microscopy of skinfold chamber preparations allowed quantitative analysis of microvascular variables and venular leukocyte rolling and adhesion. Macrohemodynamic parameters were also analyzed. Endotoxemic hamsters treated with recombinant human activated protein C and non-treated animals served as controls. RESULTS: Heparin decreased lipopolysaccharide-induced leukocyte rolling and arteriolar vasoconstriction; it also increased survival when compared with non-treated animals, while recombinant human activated protein C decreased leukocyte adhesion. Administration of heparin plus recombinant human activated protein C was associated with a significant attenuation of lipopolysaccharide-induced capillary perfusion deficits. CONCLUSIONS: Heparin yields protective effects on endotoxemic animals' microcirculation. Those benefits were potentiated when heparin was administered in conjunction with recombinant human activated protein C.
B INTRODUCTION
Sepsis is an infection-related systemic inflammatory syndrome associated with a massive activation of the coagulation cascade, consumption of clotting factors, and disruption of the normal balance between coagulation and fibrinolysis. 1, 2 This altered coagulant state is associated with uncontrolled formation of intravascular platelet/fibrin clots in the microcirculation. The so-called microthrombosis is responsible for physical occlusion of capillaries, being an important cause of microcirculatory dysfunction. 3 As sepsis progresses, microcirculatory abnormalities ultimately result in tissue hypoxia, organ failure, and death. 4, 5 Seeing that levels of antithrombotic factors are frequently very low in patients with severe sepsis and septic shock, it could be speculated that correction of those low levels could assist in reversal of the septic procoagulant state, attenuating microvascular perfusion deficits and improving patients' outcome. 6 In this way, numerous clinical trials have already examined the use of antithrombotic drugs such as recombinant human activated protein C (rhAPC), tissue factor pathway inhibitor, and antithrombin III in septic patients. Unfortunately, none of these agents consistently improved the outcome of these patients, but all significantly increased the risk of bleeding. 7 Unfractionated heparin is the most widely used anticoagulant in clinical practice and is recommended for thromboembolism prophylaxis in septic patients; a vast experience regarding its safety has accumulated. 8, 9 Besides its anticoagulant property, heparin has other less studied properties, such as its vasodilator and anti-inflammatory effects. 8, 9 Taken together, these properties could be beneficial for microcirculatory function. So, we have hypothesized that heparin could assist in the reversal of septic microcirculatory changes, a decisive step in sepsis treatment, but this subject has been poorly explored in the literature. Strengthening our hypothesis, Dobosz et al. 10 have already demonstrated that heparin has a positive influence on organ microcirculatory disturbances accompanying non-infectious experimental systemic inflammatory syndrome. Additionally, in a meta-analysis involving septic patients, heparin was associated with improved 28-day survival.
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Aiming to investigate the effects of heparin on endotoxemia-related microcirculatory changes and to compare its effects with those observed with rhAPC (an extensively studied antithrombotic and anti-inflammatory drug), we have carried out this controlled experimental study.
B MATERIALS AND METHODS
Experiments were performed on 28 male golden Syrian hamsters (Mesocricetus auratus, ANILAB, Animais de Laborató rio, Paulínia, SP, Brazil) weighing between 60 and 80 g. Animals were housed one per cage under controlled conditions of lighting (12:12 hours light/dark cycle) and temperature (21.0^1.08C), with free access to water and standard chow (NUVILAB CR1, Quimtia S/A, Colombo, PR, Brazil). All procedures were approved by the Rio de Janeiro State University Animal Care and Use Committee (protocol number CEUA/060/2010) and are consistent with the United States National Institutes of Health Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) and ethical rules specified by the Basel Declaration.
Animal preparation
The chamber implantation procedure has been described previously by Endrich et al. 12 in details. Briefly, under anesthesia with sodium pentobarbital (90 mg.kg 21 intraperitoneal injection; Hypnol 3%, Syntec, Cotia, SP, Brazil) animals' dorsal hair was shaved and depilated with a commercial hair-removing solution. After that, the dorsal skin of the back was lifted away from the animal, creating a skinfold. Then, this skinfold was sandwiched between two titanium frames and one of its layers was microsurgically excised in a circular area of 15 mm in diameter. The remaining layer, consisting of epidermis, subcutaneous tissue, and thin striated skin muscle ( panniculus carnosus muscle) was covered with a removable circular cover glass incorporated into one of the metal frames, creating the window chamber. After a recovery period of 6 days, animals were re-anesthetized and the left carotid artery catheterized (polyethylene-50 catheter) allowing continuous hemodynamic monitoring and blood sampling. The left jugular vein was also catheterized (polyethylene-10 catheter) for fluid infusion and drug injection. These catheters were tunneled under the skin, exteriorized at the dorsal side of the neck, filled with heparinized saline solution (40 IU.ml 21 ), and attached to the chamber frame with tape. Experiments were performed on awake animals after 24 hours of catheter implantation.
Hemodynamic monitoring
Mean arterial blood pressure (MAP) was continuously monitored during the experimental period through the arterial catheter and a pressure transducer. Analog pressure signals were digitized (MP100 Data Acquisition System, BIOPAC Systems, Goleta, CA, USA) and processed using data acquisition software for hemodynamic experiments (AcqKnowledge Software v. 3.5.7, BIOPAC Systems, Goleta, CA, USA). Heart rate (HR) was determined from the pressure trace and expressed as beats per minute (bpm).
Intravital microscopy
The unanesthetized animal was placed in a restraining plexiglass tube attached to the stage of an intravital microscope (Ortholux, Leitz, Wetzlar, Germany) equipped with an epifluorescence assembly (100-W HBO mercury lamp with filter blocks, Leitz, Wetzlar, Germany). The body temperature of the hamsters was maintained with a heating pad placed near the animal, which was controlled by a rectal thermistor (LB750, Uppsala Processdata AB, Uppsala, Sweden). Moving images of the microcirculation were obtained using a 20x objective (CF SLWD Plan EPI 20x/0.35 Achromat Objective WD 20.5 mm, Nikon, Tokyo, Japan) and a charge-coupled device digital video camera system (SBC-320P B/W Camera, Samsung, Seoul, South Korea) resulting in a total magnification of 800-fold at the video monitor. Microcirculatory acquired images were recorded as video files in digital media for later evaluation. Quantitative off-line analysis of videos was performed using Cap-Image 7.2, a computer-assisted image analysis system (Dr. Zeintl Biomedical Engineering, Heidelberg, Germany 13 ) by an investigator blinded to drug treatment. In each animal, 2 arterioles, 2 venules, and 10 capillary fields were chosen, taking into account the absence of inflammation or bleeding in the microscopic field. The presence of histological landmarks that could facilitate the subsequent return to the same field was also noted, because the same vessels and capillary fields were studied throughout the experiment. Arteriolar and venular mean internal diameters were measured as perpendicular distance (in micrometers) between the vessel walls. Functional capillary density (FCD) was considered to be the total length (in centimeters) of spontaneously red blood cell-perfused capillaries per square centimeter of tissue surface area (cm.cm 22 ).
Evaluation of leukocyte-endothelial interactions
After in vivo staining of leukocytes with rhodamine 6G (0.15 mg.kg 21 intravenously [IV]; 0.4 ml; Sigma-Aldrich, St. Louis, MO, USA), leukocyte-endothelial interactions were assessed by intravital fluorescence microscopy. According to their interaction with the microvascular endothelium, leukocytes were classified as passing, rolling, or adhered. Passing leukocytes were defined as white blood cells traversing an observed venular segment without sticking contact (adherence) to the endothelium lining. Rolling leukocytes were defined as white blood cells moving along the endothelial lining with a velocity significantly slower than surrounding erythrocytes. The number of rolling leukocytes was expressed as a percentage of the number of passing leukocytes. A leukocyte was considered to be adherent to the venular endothelium lining if it remained stationary for more than 30 seconds. Adherent cells were counted in a 100 mm venular segment and the number of adherent leukocytes was expressed as the number of adherent cells per field. Cell counting was performed offline by an investigator blinded to treatment. One venule was studied in each animal, and a single period of 60 seconds was analyzed for all cell counts.
Experimental protocol
Animals were suitable for experiments if their baseline hemodynamic variables were within the normal range.
Animals with signs of inflammation and/or bleeding in the chamber were excluded from the study.
At the beginning of the experiment, animals were given 30 minutes to adapt to restraining plexiglass tube before baseline variables were measured. Immediately after baseline determination of hemodynamic and microcirculatory parameters and evaluation of leukocyte-endothelial interactions, endotoxemia was induced by an IV injection of 2 mg.kg 21 of Escherichia coli serotype 055:B5 lipopolysaccharide (LPS; Sigma-Aldrich, St. Louis, MO, USA) diluted in normal saline (total volume of 0.2 ml). After endotoxemia induction, hamsters were randomly allocated to one of four study groups: (1) LPS (n ¼ 7) -no further treatment after LPS injection; (2) ) was initiated and maintained at a 0.05 ml.h 21 infusion rate for 5 hours.
As shown in Figure 1 , sequential measurements of hemodynamic and microcirculatory parameters were performed at five time points: at baseline and after 1, 3, 6, and 24 hours of LPS injection. Sequential evaluations of leukocyte-endothelial interactions were performed at two time points: at baseline and after six hours of LPS injection.
Survival analysis
After the intravital microscopy phase of the experiments, animals were returned to their individual cage in the vivarium with free access to water and standard chow and monitored for survival three times per day for 7 days. After 7 days, surviving animals were euthanized by a lethal dose of pentobarbital.
Statistical analysis
Results are expressed as means^standard deviation of the mean (SD) for each group, unless otherwise noted. Microvascular diameters and FCD data are presented as ratios relative to baseline values. All hemodynamic and microcirculatory measurements were compared with the baseline of the same group and between groups at the same time point. Statistical differences within and between groups were determined by Friedman and Kruskal-Wallis tests, followed, when appropriate, by Dunn's multiple-comparisons test for post hoc analysis. Survival curves were obtained using the Kaplan-Meier procedure, and the Mantel-Cox logrank test was applied for determination of significant differences between study groups. All statistical analyses were performed using GraphPad Prism 6.03 (GraphPad Software, La Jolla, CA, USA) and the significance level was set as p , 0.05.
Ethical adherence: All procedures were approved by the Rio de Janeiro State University Animal Care and Use Committee (protocol number CEUA/060/2010) and are consistent with the United States National Institutes of Health Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) and ethical rules specified by the Basel Declaration.
B RESULTS
The average body weight of the hamsters did not differ significantly between study groups. All animals survived the intravital microscopy phase of the experimental protocol and underwent survival analysis.
Hemodynamic alterations
Hemodynamic parameters are presented in Table 1 . MAP and HR basal values were not significantly different among experimental groups and were comparable to control values for reported data on healthy hamsters.
14 Systemic administration of LPS elicited statistically similar reductions of MAP levels in all study groups (Table 1 ; 1 hour). MAP was comparable among study groups until 24 hours. At this time point, MAP was significantly higher in the HEP group than in the LPS group. HR was comparable among study groups at each time point (Table 1) .
Microcirculatory parameters
. Arteriolar and venular diameters: At baseline, there were no significant differences in arteriolar and venular mean internal diameters between study groups. Arteriolar mean internal diameter was significantly reduced by endotoxemia in LPS and rhAPC groups at 6 and 24 hours when compared to baseline. These groups had comparable arteriolar diameters at each time point (Figure 2) . Arteriolar diameter was wider in heparin treated groups Figure 1 -Schematic representation of the experimental protocol after baseline determination of hemodynamic and microcirculatory parameters LPS was administrated. Sequential measurements were performed after one (1 hour), three (3 hours), six (6 hours), and twenty-four (24 hours) hours of LPS injection (arrows). Sequential evaluations of leukocyte-endothelial interactions were performed at baseline and after six hours of LPS injection.
(HEP and rhAPC/HEP groups) than in the other groups; at 3, 6, and 24 hours, a significant difference was observed between the HEP group and both LPS and rhAPC groups ( Figure 2 ). In terms of venular mean internal diameter, LPS caused slight venodilation, evident at 3 hours ( p , 0.05 vs. baseline). Venular diameters tended to be wider in HEP group and smaller in rhAPC group. These differences faded away in such a manner that at 24 hours there were no significant differences between the venular diameters of the study groups (Figure 2 ).
. Capillary perfusion (FCD): At baseline, FCD did not significantly differ between study groups. LPS administration decreased FCD in all study groups. FCD was comparable among study groups until 3 hours. From this time point, FCD was significantly higher in the rhAPC/HEP group than in the LPS group (Figure 3) .
Evaluation of leukocyte-endothelial Interactions
Treatment with heparin or heparin plus rhAPC reduced the percentage of rolling leukocytes compared with baseline ( Figure 4) . Endotoxemia significantly increased the number of adhered leukocytes in LPS group. At 6 hours, a smaller number of adherent leukocytes was observed in rhAPC, HEP, and rhAPC/HEP groups compared with the LPS group, although a significant difference was only observed between LPS and both rhAPC and rhAPC/HEP groups ( Figure 4 ).
Seven-day survival
Median survival time after experiments was 2.2, 5.4, 4.7, and 5.8 days for LPS, rhAPC, HEP, and rhAPC/HEP groups, respectively ( p , 0.05 for LPS vs. all other groups; Figure 5 ).
B DISCUSSION
In few pathological states are the connections between coagulation and inflammatory cascades so evident as in sepsis. In this syndrome, inflammatory cytokines, including tumor necrosis factor a, interleukin-1b, and interleukin-6, are capable of activating coagulation and inhibiting fibrinolysis, whereas the procoagulant thrombin is capable of stimulating multiple inflammatory pathways. 15 Heparin may play a positive role in sepsis treatment due to its anticoagulant and anti-inflammatory properties. In fact, in the present study, these effects proved to be beneficial in a validated endotoxemia rodent model that allows in vivo evaluation of inflammation and perfusion dysfunction.
The heparin dose used in our study was similar to that capable of preventing ferric chloride-induced venous thrombosis in a murine model of deep vein thrombosis (unpublished data of our group). At this dose, heparin did Data are presented as means^SD for each group. LPS, endotoxemic animals (n ¼ 7); rhAPC, endotoxemic and rhAPC treated animals (n ¼ 7); HEP, endotoxemic and heparin treated animals (n ¼ 7); rhAPC/HEP, endotoxemic and rhAPC þ heparin treated animals (n ¼ 7). * p , 0.05 vs. group baseline; # p , 0.05 vs. LPS group at the same time point.
Figure 2 -Evolution of arteriolar and venular mean internal diameters during the experimental period. Values are presented as ratios relative to baseline values. Sequential measurements were performed after one (1 hour), three (3 hours), six (6 hours), and twenty-four (24 hours) hours of LPS injection. LPS, endotoxemic animals (n ¼ 7); rhAPC, endotoxemic and rhAPC treated animals (n ¼ 7); HEP, endotoxemic and heparin treated animals (n ¼ 7); rhAPC/HEP, endotoxemic and rhAPC þ heparin treated animals (n ¼ 7). * p , 0.05 vs. group baseline; # p , 0.05 vs. HEP group at the same time point.
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not result in bleeding complications. Whereas rhAPC also has anti-inflammatory and anticoagulant properties and its use has been extensively studied in sepsis syndrome, we considered this drug as a control treatment in our experiment. rhAPC was administered at a dose rate similar to that clinically given in the PROWESS study 15 to patients with severe sepsis (24 mg.kg 21 .h 21 ). In a previous experimental study of Hoffmann et al. 2 , at this dose, rhAPC demonstrated beneficial microcirculatory and antiinflammatory effects in endotoxemic hamsters without increasing bleeding complications. The endotoxin dose used in our study was adjusted to affect microcirculatory parameters without the induction of severe hypotension. During the initial hours of the experiment, this simulates the hyperdynamic phase of sepsis. After this initial period, nontreated animals (LPS group) were considered to be in endotoxemic shock. Because LPS-induced hypotension is dependent on activation of the inflammatory cascade, it is understandable that substances with anti-inflammatory properties (heparin and rhAPC) could hamper the hypotensive effect of LPS. Some of the anti-inflammatory effects of heparin have already been described: TNF-a inhibition, protection against oxygen free radicals, and blockade of complement activity. 9, 10 Although heparin is largely used for the prevention of blood clotting, it produces additional vascular effects independent of its anticoagulant activity. Tasatargil et al. 8 have shown that heparin causes concentration-dependent vasodilatation in human arteries, and that this action seems to be linked to endothelium-dependent mechanisms, including changes in the generation of nitric oxide and endothelium derived hyperpolarizing factor. Furthermore, Tangphao et al. 16 have shown that heparin is an endotheliumdependent venodilator. The mechanism of heparin-induced venous relaxation involves increased availability of nitric oxide, possibly related to local release of histamine. Sternbergh et al. 17 have demonstrated that heparin has dose-dependent protective effects on vascular endothelial Figure 4 -Sequential evaluation of leukocyte-endothelial interactions. The number of rolling leukocytes is expressed as a percentage of the number of passing leukocytes. The number of adherent leukocytes is expressed as the number of adherent cells per field. Sequential measurements were performed at baseline and after six hours of LPS injection. LPS, endotoxemic animals (n ¼ 7); rhAPC, endotoxemic and rhAPC treated animals (n ¼ 7); HEP, endotoxemic and heparin treated animals (n ¼ 7); rhAPC/HEP, endotoxemic and rhAPC þ heparin treated animals (n ¼ 7). * p , 0.05 vs. group baseline; # p , 0.05 vs. LPS group at the same time point. Sequential measurements were performed after one (1 hour), three (3 hours), six (6 hours), and twenty-four (24 hours) hours of LPS injection. LPS, endotoxemic animals (n ¼ 7); rhAPC, endotoxemic and rhAPC treated animals (n ¼ 7); HEP, endotoxemic and heparin treated animals (n ¼ 7); rhAPC/HEP, endotoxemic and rhAPC þ heparin treated animals (n ¼ 7). * p , 0.05 vs. group baseline; # p , 0.05 vs. LPS group at the same time point.
cell function distinct from its anticoagulant, antiplatelet, or anticomplement activity. Thus, heparin can preserve endothelial-dependent vasodilatation in states of oxidative stress. 17 An inhibitory effect on biosynthesis and release of endothelin-1, a potent endogenous vasoconstrictor, has also been shown. 18 In our study, we have observed that the vasodilator effect of heparin also occurs in venules and arterioles, even during endotoxemia. Surprisingly, rhAPC administration prevented LPS-induced venular vasodilatation but could not prevent endotoxin-mediated decrease of arteriolar mean internal diameter. Apparently, apart from an anti-inflammatory action, an endothelium-mediated vasodilator effect is also necessary to maintain arteriolar diameters during endotoxemia.
Because endotoxemia is a known up-regulator of leukocyte-endothelial interactions and because increased leukocyte-endothelium interactions are related to microcirculatory impairment 5 , we have performed intravital fluorescence microscopy to study leukocyte kinetics. Leukocyte migration involves a step-wise process: first leukocytes roll along the vascular endothelium, then they firmly adhere and finally emigrate from the microcirculation to inflamed tissues. Thus, the quantitation of rolling and adherent leukocytes can reliably reflect the extent of the inflammatory response.
To understand the results related to the number of rolling leukocytes, it is important to know that as early as 30 minutes after LPS administration there is a massive decrease in venular leukocyte rolling fraction (about 12% of nonadherent leukocytes are rolling); baseline conditions are reached again 3 hours after LPS (20 -30% of non-adherent leukocytes are rolling) and a profound increase in the number of rolling leukocytes occurs 8 hours after LPS administration (about 60% of the non-adherent leukocytes are rolling).
14 When leukocyte-endothelial interactions were assessed (6 hours after LPS administration) there was sufficient time for recovery of the basal number of rolling leukocytes as observed in LPS group. The maintenance of a small fraction of rolling leukocytes in HEP and rhAPC/HEP groups may be related to an anti-inflammatory action of heparin. In our study, rhAPC was not capable of preventing the induction of leukocyte rolling. An opposite behavior was observed regarding leukocyte adhesion. This result might be related to different adhesion molecules involved; while rolling involves the selectin family of adhesion molecules, firm adhesion involves b 2 -integrins (expressed in leukocytes) and the endothelial intercellular adhesion molecule-1 (ICAM-1). 19, 20 So, the discrepancy between our observations could be attributed to complex cellular interactions found in in vivo studies. Heparin and rhAPC may have different and additional actions on these adhesion molecules. The improved results found in rhAPC/HEP group regarding both leukocyte rolling and adhesion favor this hypothesis.
Considering the temporal evolution of functional capillary perfusion, our study showed that administration of rhAPC plus heparin was associated with significant attenuation of capillary perfusion deficits induced by LPS administration. Several factors are related to the microcirculatory impairment observed after endotoxemia induction, such as systemic hypotension, vasoconstriction, stiffness of RBC, increased leukocyte-endothelium interactions, and platelet/fibrin clot formation. 5 Because differences in capillary perfusion between groups cannot be entirely explained by changes in arteriolar mean internal diameter or by macro-hemodynamic changes, we can speculate that anti-inflammatory and antithrombotic activities of both heparin and rhAPC may have been crucial to capillary perfusion differences observed between groups seeing that capillary obstruction by microthrombi and an increased presence of rolling and adherent leukocytes in venules may hamper adequate capillary flow. 2, 21, 22, 23 Thus, reduction of microvascular platelet aggregation and leukocyte plug formation facilitates capillary blood flow, improving tissue perfusion and reducing organ failure.
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Figure 5 -Kaplan-Meier survival curves. LPS, endotoxemic animals (n ¼ 7); rhAPC, endotoxemic and rhAPC treated animals (n ¼ 7); HEP, endotoxemic and heparin treated animals (n ¼ 7); rhAPC/HEP, endotoxemic and rhAPC þ heparin treated animals (n ¼ 7). * p , 0.05 vs. LPS group.
Heparin or/and rhAPC treated animals had increased survival compared with animals in LPS group. This is in consonance with prior studies regarding human sepsis. 11, 15 Unfortunately, recent studies concerning the use of antithrombotic agents in septic patients ended in controversial and/or inconclusive results: although benefits were not consistently observed, these agents were associated with significant increase in the risk of bleeding. 7, 24 The interest in antithrombotic drugs decreased after the publication of the PROWESS-SHOCK trial in which rhAPC failed to show survival benefit for patients with severe sepsis or septic shock. 24 This resulted in the announcement of rhAPC's manufacturer of a worldwide voluntary market withdrawal, leaving many important unanswered questions about the role of antithrombotics in sepsis treatment. The expressive benefit in mortality observed in our study may be related to the LPS model: endotoxemic animals might be a population with high risk of death or, in other words, those animals that would most benefit from antithrombotic drug therapy. 25 Another hypothesis is that LPS-induced endotoxemia is an inflammation-dependent state in which anti-inflammatory drugs have important benefits on survival rates. Given the number of mechanisms involved, a similar response is not found in human sepsis. 26 Finally, and differently from what happened in human studies, no hemorrhagic events were observed in our study, which may have decisively contributed to our results.
Taken together, our results may suggest that heparin has beneficial microcirculatory and anti-inflammatory effects in endotoxemic hamsters. These benefits were potentiated when heparin was administered in conjunction with rhAPC. It is possible that each of these drugs has different, but additive anti-inflammatory effects, making treatment with both drugs more effective in controlling the inflammatory response. Our results may indicate a path to be followed in development of new drugs for sepsis treatment: a drug or a combination of drugs with potent anti-inflammatory effects and capable of preserving endothelial-dependent vasodilatation could attenuate sepsis-related capillary perfusion deficits, possibly improving patient outcome. Drugs with pleiotropic effects such as antithrombotics have greater therapeutic potential than compounds directed against a single target. 9 Clinical use of these drugs for sepsis treatment has been held back by fear of bleeding, but the development of non-anticoagulant drugs or of agents with mild anticoagulation properties could mitigate this concern.
We are aware that our study has some limitations. Initially, we recognize that the study of the skin and subcutaneous muscle microcirculation may not be representative of microcirculatory changes in splanchnic organs. Given the crucial importance of the splanchnic perfusion in the pathophysiology of sepsis, this could be considered a limitation of the skinfold window chamber model. However, the first reactions after endotoxin administration seem to be comparable in different organs. 14 In the second place, although we know that fluid therapy is recommended for the early management of severe sepsis and septic shock, in our study, animals were not fluid resuscitated because this study was designed to evaluate effects of heparin on microcirculation independently of fluid therapy. Finally, the use of recombinant human proteins (rhAPC) in hamsters may be limited by their even shorter half-lives. 2 However, because we found systemic effects long after drug discontinuation, it could be speculated that rhAPC worked well in this study.
B CONCLUSIONS
In our study, heparin was effective in attenuating the inflammatory response, as depicted by decreased leukocyte rolling, reducing LPS-induced arteriolar vasoconstriction at the hamster skinfold window microcirculation, and improved survival. These benefits were potentiated when heparin was administered in conjunction with rhAPC, because treatment with both drugs was associated with marked anti-inflammatory effects and significant attenuation of capillary perfusion deficits induced by LPS administration. Further studies in experimental models closer to human sepsis are required to confirm these results.
